A meta-linked anionic conjugated polyelectrolyte m-PPYPE-SO 3 Na was synthesized and characterized by UV-vis, FT-IR, and photoluminescence spectroscopy. It is brown solid readily soluble in water and methanol. The UV-vis absorption spectra of the polymer show strong absorption bands, which correspond to the π-π* transition of π-conjugated segments. Fluorescence spectra in different solvents show that this kind of polymer has solvent-dependency. It was found that the existence of polymer-type surfactant significantly increased the intensity of fluorescence of the polymer. The fluorescence of the polymer in water solution could be effectively quenched by methyl viologen. Linear fit of the quenching plots affords Stern-Volmer constants (Ksv) of 5.65×10 5 M -1 for intrinsic fluorescence emission of the polymer m-PPYPE-SO 3 Na and this revealed its good fluorescence sensitivity.
Introduction
During the past decades, there has been a great deal of interest in the synthesis of novel conjugated polyelectrolytes because of their excellent optoelectronic properties. They have been actively investigated for a variety of optoelectronic applications, such as light emitting diodes (LEDs), organic solar cells and photon mode optical storage, moreover, for the application in fluorescence chemosensors [1] [2] [3] . Compared to the common conjugated polymer, conjugated polyelectrolytes exhibit interesting properties and this kind of novel materials attracted much attention recently.
It is known that conjugated polyelectrolytes mainly refer to the conjugated polymers bearing charged groups in the side chain. According to the main chain, the structure of conjugated polyelectrolytes include several types such as para-linked structure, meta-linked structure and hyperbranched structure. Actually, para-linked conjugated polyelectrolytes which exhibit fluorescent amplification effect in the fluorescent chemosensor are studied systematically [4] [5] [6] [7] [8] [9] , however, meta-linked conjugated polyelectrolytes and hyperbranched conjugated polyelectrolytes have some special properties and both two types of materials are not investigated enough. According to the studies, which focus on the meta-linked conjugated polyelectrolytes, scientists mainly concentrated on meta-linked PPE type polyelectrolyte (m-PPE-SO 3 Na, scheme 1) at present [10] .
Though a common meta-linked conjugated polymer containing pyridine-ring was synthesized and characterized as a highly-sensitive fluorescent probe for metal ion [11] , conjugated polymer received much less attention, especially to pyridinecontaining polyelectrolytes. Nowadays studies of pyridine-containing conjugated polyelectrolytes principally focus on the adjustment of the band-gap of these polymers [12] . Pyridine containing conjugated polyelectolytes have been synthesized and characterized, however, relatively little is known about the photophysics properties of meta-linked pyridine-containing polymer, especially the aggregation state in water solution and the fluorescence quenching by electro-acceptor molecule.
In our contribution, a kind of meta-linked PPEs derivative (m-PPYPE-SO 3 Na) containing pyridine-ring was synthesized. The main chain of the polymer consists of alternating donor and acceptor units. The solution photophysical properties show that this polyelectrolyte forms the aggregation state in water and a good solvent such as methanol promote the deaggregation. A polymer-type surfactant could break the aggregation of the polyelectrolyte in water solution. The fluorescence of the polymer in water solution could be effectively quenched by MV 2+ (Methyl Viologen). The fluorescence amplification effect suggests that the polymer could be used as sensitive materials for fluorescence chemosensor.
Results and discussion
It has been reported that a meta-linked conjugated polymer could be synthesized by introduction of 1,3-phenylene and 2,6-pyridinylene [10] [11] . Polymer used in this study is a kind of novel meta-linked anionic conjugated polyelectrolyte based on poly(phenylene ethynylene) (m-PPYPE-SO 3 Na) which contains benzene ring and pyridine ring in the main chain (Scheme 1). The main chain of the polymer consists of alternating donor and acceptor units. m-PPYPE-SO 3 Na was synthesized via Pdcatalyzed Heck-Sonogashira coupling reaction by using bis(triphenylphosphine) dichloropalladium (Pd(PPh3)2Cl2) as the catalyst. Heck-Sonogashira coupling reaction is an extremely important method which could be applied in the preparation of poly(phenylene ethynylene). m-PPYPE-SO 3 Na could be dissolved in water, methanol, DMF and DMSO. Its solution exhibits strong fluorescence and brown color. Scheme 1. Chemical structures of m-PPYPE-SO 3 Na, m-PPYPE and m-PPE-SO 3 Na. Fig. 1 shows the UV-Vis and PL spectra of m-PPYPE-SO 3 Na in water and a mixed solvent (water: methanol=1:1, volume), respectively. The maximum absorptions of m-PPYPE-SO 3 Na in water/methanol solution are observed at 306 nm and 395 nm, respectively, which are attributed to the benzene ring and π-π* transition. The maximum absorption at 395 nm of the polyelectrolyte is similar to the non-watersoluble conjugated polymer m-PPYPE (Scheme 1) [11] . Compared with water/methanol solution, the absorption maximum of m-PPYPE-SO 3 Na in water exhibits a little red-shift. It shows that there is not much change with the conjugation of the polyelectrolyte in ground state in different solvents. Furthermore, the maximum absorption of m-PPYPE-SO 3 Na shows a red-shift about 70 nm compared with that of m-PPE-SO 3 Na because PPYPE-SO 3 Na has a longer effective conjugated length. It is worth noting that the maximum absorption of m-PPYPE-SO 3 Na in water shows a redshift about 5 nm compared with that of m-PPYPE-SO 3 Na in water/methanol solution, and a new shoulder peak at 472 nm can be observed. According to the description in other references [10] , the red-shift and the new shoulder peak could be attributed to the transformation from the random coil to the spiral conformation. According to the fluorescence spectra, the emission maximum of m-PPYPE-SO 3 Na shows solvent-dependency. Compared with the emission peak at 440 nm in water, the emission maximum of m-PPYPE-SO 3 Na in water/methanol solution exhibits a little blue-shift, but the intensity of the emission increased by 16-fold compared to that in water solution. This emission peak corresponds to the intrinsic emission, which is similar to the non-water-soluble conjugated polymer m-PPYPE (425 nm) [11] . However, the emission peak around 533 nm disappeared in the water/methanol solution. Generally, the emission peak at long wavelength corresponds to the aggregation emission in water. The style of the emission peak and the fluorescence solvent-dependency are consistent with the other studies on linear conjugated polyelectrolytes [13] [14] . Compared with m-PPE-SO 3 Na in water (aggregation emission: 445 nm, intrinsic emission: 375 nm) [10] , the emission peaks of m-PPYPE-SO 3 Na exhibit a red-shift of about 88 nm and 65 nm, respectively. These results are consistent with the studies on the absorption spectra of m-PPYPE-SO 3 Na. It could be attributed to the longer effective conjugated length of m-PPYPE-SO 3 Na than that of m-PPE-SO 3 Na. Fig. 2 shows the PL spectra of m-PPYPE-SO 3 Na in water solution in the presence of different concentration of PVP (poly(vinyl pyrrolidone)). It can be observed that a small amount of PVP could significantly increase the intensity of fluorescence of m-PPYPE-SO 3 Na water solution. This shows that the existence of PVP is effective for decreasing fluorescence self-quenching of this polyelectrolyte. Significant fluorescence self-quenching existed in the m-PPYPE-SO 3 Na water solution without PVP. When PVP was added into the solution, the distance between the molecular chains increased, and this effect led up to the enhancement of the intensity of fluorescence. Finally, as described in the introduction, cationic small molecule fluorescence quenchers are able to quench the fluorescence of anionic CPEs at very low concentrations via the amplified quenching effects [11] . Since Whitten Proposed the QTL (Quencher tether ligand) method to detect the biomolecules as a target [15] , the combination of conjugated polyelectrolytes with methyl Viologen has become the most important system which has been extensively studied in biosensor applications. Thus research in the interaction between the polyelectrolytes and MV 2+ in water solution is very important. Fig.3 shows the emission quenching of m-PPYPE-SO 3 Na (1×10 . One general trend that K SV decreases with increasing methyl viologen concentration is observed from this figure. Amplified quenching has been observed in a variety of other conjugated polyelectrolytes, and it has been attributed to the formation of a strong association complex between the polymer and the quencher ion, and the ability of the singlet exciton to rapidly diffuse to the quencher 'trap' site [13, [16] [17] [18] . It is believed that a similar mechanism is operating in m-PPYPE-SO 3 Na solution. 5 M -1 for intrinsic fluorescence emission of the polymer m-PPYPE-SO 3 Na, which is of the same order of magnitude as the meta-linked anionic poly(p-phenylene ethynylene) conjugated polyelectrolyte m-PPE-SO 3 Na. The interesting photophysical properties render this polymer great potential in fluorescence chemosensor applications.
Experimental part
Sample Preparation 2,6-Bis[(trimethylsilyl)ethynyl]pyridine was synthesized according to procedures described in reference [19] . 1,4-Di(propyloxysulfonate)benzene was synthesized as follows: under argon atmosphere, hydroquinone (8.8g, 0.08mol) and an aqueous solution of NaOH (10 wt%, 100mL) were mixed and stirred. Then a solution of 1,3-propanesultone (24.4g, 0.2mol) in dioxane (160 mL) was added, then reaction was carried out at room temperature for 4 h. After cooling to 0 o C, the mixture was filtered, and then the precipitate was washed with acetone repeatedly and dried under vacuum to afford a pure white powder. Yield: 25.20g (76%). Monomer 1 was synthesized as follows: under argon atmosphere, 1,4-di(propyloxysulfonate)benzene (5.774g, 14.5mmol), iodine (3.86g, 15.2mmol), potassium iodate (1.55g, 7.24mmol), sulfuric acid (98%, 3mL), acetic acid (40mL) and water (30mL) were mixed and heated to 60 o C. The mixture was stirred at 60 o C for 12 h. After cooling to room temperature, the mixture was filtered, and then the precipitate was washed with ethanol repeatedly and dried under vacuum to afford a pale grey powder. Yield: 7.83g (81%).
1 H-NMR ( -DMSO, ppm) : 1.98 (t, 4H, -CH 2 -), 2.57 (t, 4H, S-CH 2 ), 4.03 (t, 4H, O-CH 2 ), 7.28 (s, 2H, Ar-H) Monomer 2 was synthesized as follows: under argon atmosphere, 2,6-bis[(trimethylsilyl)ethynyl]pyridine (0.71g, 2.6mmol) was dissolved in methanol (10mL), and an aqueous solution of potassium hydroxide (1M, 3mL) was added. The solution mixture was allowed to stir for 2 h. Then, the solvent was removed under vacuum, and the precipitate was extracted into diethyl ether. The product was washed several times with water and a brine solution. It was then purified by chromatography on silica using a 1:1 mixture of petroleum ether and diethyl ether, and by recrystallization from hexanes affording off-white needles. Yield: 0.15g (46%). 1 H-NMR (CDCl 3 , ppm) : 7.63 (dd, 1H, H in Pyridine ring), 7.43 (dd, 2H, H in Pyridine ring), 3.15 (s, 2H, CH).
The synthetic route of the polymer m-PPYPE-SO 3 Na is illustrated in Scheme 1. It was synthesized via Pd-catalyzed Heck-Sonogashira coupling reaction with bis(triphenylphosphine) dichloropalladium (Pd(PPh3)2Cl2) as catalyst. Polymer synthetic procedure: Under argon atmosphere, 1,4-diiodo-2,5-di(propyloxysulfonate) benzene (monomer 1, 0.65g, 1mmol), 2,6-diethynylpyridine (monomer 2, 0.127g, 1mmol), Pd(PPh 3 ) 2 Cl 2 (0.035g, 0.05 mmmol), and CuI (0.0571g, 0.3mmol) were dissolved in DMF (10 mL) and diisopropylamine (10mL). The solution was stirred at 60 o C for 16 h. Cooled reaction mixture was filtered and the filtrate was poured into mixed solvent (400mL, ether/acetone/methanol=5:4:1) and precipitated. Yellowbrown solid was filtered and redissolved in water/methanol(1:1) and reprecipitated with mixed solvent (400mL, ether/acetone/ methanol=5:4:1). Collected powder was dissolved in water and dialyzed using a 8000 molecular weight cutoff membrane to remove ionic impurities and low molecular weight oligomers. The products were isolated by evaporation of the water and dried under vacuum to yield a brown solid. All of the quenching experiments were done in water solution. In addition, the CPE concentration was maintained at 1×10 -5 M (concentration of polymer repeat unit) in order to minimize the possible concentration-dependent aggregation. Quenching was evaluated using the Stern-Volmer (SV) equation with fluorescence intensity monitored at 440 nm.
